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The fact that ^letoifcatlon, or knocking, in an Intornal 
combuBtion engine I© e function of isany related and un- 
related variables lias oauned considerable difficulty 1 b the 
field of detonation rccoaroh and engine design. To date, 
the practice has been to study the effect of these varl- 
ftbles on© at a time, endeavoring to hold all other varl- 
ebleo constant. The puri;) 08 e of this inveatigotion is to 
hold all variables cone teat except the valve overlap and 
to thereby determine the detonation-limited charuoteristios 
of this variable alone. 

Four different cam shafts, each v/lth a different valve 
overlap, have been used In the Investlfatioa. The timing 
diagrams for these ©haftn are 8hov.n in Figure 1. In addi- 
tion, the complete experiment has been conducted uclng two 
different types of fuel: (a) 80 octane automotlvo, and (b) 
dl-iso-butylene. 
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A 8«ri«ii of hdYe Gon£uct««d on m C.f.fi. 

•niClnn with •amnnaftn w!io»e oy«rXaip fnm 

6^ to 120^ • Xn idX C&804I tb« engine m.» operatea at 
detonetlon Xla^tea inlet pr^BmrWm The te»te were per- 
forstod uelnt: two f^iele: M ft0-oot«ne, and (b) dl-i«o- 
tutjrleiie* 

Tho primary object of the tests w«« to aeterteine the 
effect of varying valve cvorlaps oii the detonation llitited 
perfomauce of the euginet smd eecoxidarlly, to investi(^ete 
the qualitative effect of rcoidual gae on the fuel eharao- 
terlaties. 

In the cane of 0O«octane» it wae found that laxtse 
ovorlaps the engine to develop greater power ot 

higjti opeed and that residual gas ecte ee an inhibitor. 

In the eneo of di^leo*- butylene » it wee found that 
higher ovcrlupe xjerait the developsaent of higher power 
when running at low speed e and that overlap has relatively 
littlo effect on the powor output at high speed. At the 
higher speeds the wmiim detonated at lower orltioel pres* 
8ure»as previously discovered by other Investlentorsp but 
so conclusion can be drawn as to ths sffect of residual 
gss on this reversal since, in these tests, this variable 
eoali not be Isolated. 
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t4)^ ifl* ^ifti lift fM 1#^ tmS ^ttl#w 

• ft^-oJtf 10 

«il nni«rt«/^i 0# ft#r t»v*# ft#f fti fiaitH^ Mtt 

li^*^*ill 0wii «0ft|ft0 #41 M «v4*^ %• tOfttlB 

tNl il i WWfti 0f •itKcteMM A00 ft4J 1ft MnSIftl^ftQ 

« 

"***^*» U«^ b 4* ift ain Ii^lm l9 0vl4»*i44ift0> ftiU 

.CAifftilftll 

ni4 «<ki:. 1^ J| ,ftft«ftftft-^rUl 1« ftftM •«# ttX 

^ 4ft#«ft\3l fttlftVfttt ft# ftO^lftft ft#l i|jr»ftf 

Ai Afe »^4»« ftftji Xft«Dr.i>4fti #ft#r wu mq# ib»i« 
#1 »fti0 iX ^K^ip# a |«>#ft •ftftii ft4l i& 
U«*A«4 ^ tMQOjMrftt p4f iUm*f% ftft»Wvft ^ftUU 
%£m€iMUm ft«4 ftft4*UT0i J9i^ 4aa ft»»tft ftfti 90 iMftft% ■»* 
ftftt #i ^#4 10%#^ 0ftftlft t4# M ftftTlft «iiiu 

•tiftftt ftctiftftft 04# €t0»4a ftfttftl# 

f«0 409^«nKtaVftftl mXr# ^ ftftS#rvftft9lft tiAftMiVftftft ftft ,4raft 
1 •w'^ 1ft JftftTto ft4f ftft ft* ftMftt# ft# 4«ft ftftiftllAftUP# W 
•®#4|ftftft fttj## «ftft4# ftl •ftjiftlii XftftlftftV) %44# jift ftftft 

.lft#ftlftftl ft# l<ftK ftlftftft 



In no eeso worn idling ^ilTloultiois oDOixintorod • 
Howovora nt ono i>r»viott« lnTftstl6»tor* hi»» to\in£i 

•Tldtmoo tndt ftl though n singXo vrlll 

1^1# i»ith high ovorlap tlmln^a a nultl-oylludor •nglno 
with sif^llwr tlMng will not. Althoach thin phnnoawnon 
was not inTcstlgdted in thin watporiaont* It in b«Ii«v»d 
to bo duo to Intake and exhaust oyotom dyxiasdo offocts. 



♦ Younga A. W.a K.A.C./t., A.P.R. i^OW. 1941). 
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A Binelm cylinder, C.F.R. , high ap»«d, vntor-coolod 
en^jlnc hovlng a 3*25^1noh boro cmd « if.50-lncli stroke, was 
used at a coi&pre»»ioa ratio of 7 to !• The engine was 
directly connected to an electric dynasaoiaeter which vms em- 
ployed both as a starter end power absorber for tho engine, 
aa well as u motor to turn the engine over while mcnsurini;: 
friction torque# A shrouded intake valve was used to en- 
hance distribution and mixing of the fresh charge in the 
cylinder and an iuito Lite B-5 spark plug was used to aitl- 
gfcto any tondenoles toward pre-ignition. 

10/BL JnrSCTf' 

?ho fuel ayctem is shown flchomatiaally la Figure 2# 

The fuel was taken from the fuel tank through a small 
electrically driven pump to a bubble separator and surge 
tank# CoaiprosBOd air mis pumped into the bubble separator 
and the pressure was held conctant «t 30 pal. This air 
acted as a ‘’cushion" for the system# Froa the bubble sep- 
arator the fuel vms pansed through one of two I’isher and 
Porter rotorsetors whioh had been calibratea by the authors 
prior to the experiment, as shown by Figure 3« From the 
rotometers the fuel floired directly into tii« vaporiring tank. 

AIR ;:rm:K 

The air system Is shown schemutioelly in Figure 2# 
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•9 ftl t/ L^tfiumdM 9<x» ^ %| «9#f4^ 144 Sftf 



Suporoh»rije<3 air wa« toppofl <!lrectly fro* th* laboratory 
■*ln« It was then taken through two pi'eseure regulatorfl 
and *ot«rod through onw of two flat plato orifices with 
flange taps* Th© ssiallor of the two orifices was .515 
inohoe In dlasotcr and th# larger was .725 inches in di- 
Qjtetor. Both orifices wore oonsti'uctod according to a: 3JI 
speoi fleet Iona und inserted in 2-inch pipes, /.fter being 
ACtered, th® elr passed through double surge tanks into the 
waporlaing tank. 



VA3H)JaZX2Ci 'imK 

Air and liquid fuel were introduced into the vaporising 
tank separately, fuel was her© vaporised and mixed with 

the air. The atlxture was held at a constant teapersture of 
li^O^f. This temperature ^txn controlled by the circulation 
of steam through heating coils within the tank. From the tank 
the fresh mixture passed through the throttle valve and into 
the oi2glno. 



OIL Ain'' rATKR jAoio-7 

The Jacket water temperature w«s held constant at 212^F. 
and was controlled by circulating water through a cooler 
between the condenser and the Jacket. The oil teaperature 
was held conotsnt at 140®F. by Keens of circulating atoam or 
cooling water through the two heat exchangers. 






The en^jlne power output was absorbed by a Star electric 
dynsMoaeter and the brake torque wa» balanced by a hydraulic 
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piston uttoohed throu{;h a lover erm to tho djrnoeiOKeter cae- 
Ing. The oil preosure on the hydraulic syateia was neaeurod 
In Inches of mercury in on open end menoneter. The liydruullc 
systea deal^^nod so that one Inch of aeroury wan the 
equivalent of e one- pound force eoting on the hydraulic 
piston. Ths recdluf; of the dynamometer ecule In inchos of 
aorcury was converted to pounds per square Inch, brake ii«<m 
effective pressure. The electric power output fro» the 
dynaaoReter vme dissipated throu|;h « at low outputs and 

at higher outjKits the power was pumped Into 110- volt or 
220-volt mains, depending upon the magnitude of tho power 
generated. 

Petonetlon me measured qualitatively by employing e 
detonation pickup in conjunction with a cathode ray oscillo- 
scope. The pickup, a truper flat diaphragm type with a nat- 
ural f3?equeitcy of about 95,000 cycles, was inserted In the 
cylinder himd. The output frojni this pieioip was anclytefi and 
projected on the screen of tho cscllloscope us a curve of 
relative rate of change of cylinder pressure vs time, trhoa 
conditions of inslplent detonation were reached, the curve 
displayed a definite break or ”pip”. The operator observing 
the ”pix>" al«o controlled the torottie. 

,-n#:5ia« speed ymn roughly measured by using a tachometer, 
and for finer npted aejustment a ctrobotac who employed. 

Speed was controlled by a drop wire renistuice In tho ©hunt 
field of the dynawometer. 
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The following twble Indicates the o^jerating conditions 
which ware held oonsUint throughout the entire experizsent: 



CoHpreosion ratio 7*0 

Fuel-Air ratio 0.0$ 

Bpark ndtrnnoe 18® 15.*f.C. 

Oil teaperature IhO® F. 

i^ater jacket temperature 212® F. 

Inlet mixture temperature 140® F. 



The following quantities were varied: 



Valve overlap 


6 


Kanifold pressure 


20 


Km 


1000 


ICxhaust pressure 


30 



- 120 ® 

- 80 « Hg 

- 3000 

- 6 " «g 



£ach camshaft (with valve timinsc per Figure 1) was 
in turn inst&lled in the engine and two teato were performed. 
Test no. 1 consisted of varying the R.P.M. and running up 
the nanifold pressure until inaipient detonation was reached. 
Test no. 2 consisted of operating the engine at constant 
R.P.M. (2000) • steadily reducing the exliaust beck pressure, 
and then running up the manifold x^rsssure until Inslplent 
detonation was reached. Both of these tests were performed 
using two fuels (80-octaae and di-lso-butylene) . 



As the insipient detonation points were approached, 
adjustment of the fuel-air ratio was obtained by computing 
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th» JML1I8 of «ir floii by the oriflo» eCiUution^ entorlng tU« 
rotOD^eter onilbratlon chart with the smu» of fuwl flow d«- 
•ir«d to glv« a fu«l-air ratio of . 08 , and odjartlng the 
fuel flow until tha roto«ot«r ahowad th« propar aoala r««d- 
inc* jRanifold proenwra wa» than voriad until inaipiant 

detonation occurred, -ho ehove prooeduro w«* ropoeted until 
a "no ohani^e" condition was reached. 
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nry;c;.>;ica (gy) 

Tvoi* 7i.g» 6 It la tiotsd tlu«t th<d r««l^UAl 4^s in 
•Kiok«d** out of Ui» cyllMor du# to d<icr««tjrliig thu iMOk 
pr®#eur«, th» allCK<&bl« ?i ie progr^iiiflvtiy lo>*»r<kS i.u th» 
o<(«* of the 6® ovoriep o«iii» tnd it 1« thoroforo «pp»ir%ut 
thi&t rosiauaX COB bet* on lohlbitluc eff«ot o& d4iton«tlQn. 

tJtllX roforrlac to Fig. 6, it »4ight rminoowbly foilow 
that If tiii« 1» truB» tlio bighiir ovorXops Bhowld cIvb ©v«a 
l««is dBtoootion Xifi&ltod l!oi»«irer» lu tb© of th« 

Iiicbor oTBrlojsa, eior« fr©sh adlxtur© ia o<iitauafcO p«r cyol©, 
tn&dlnc to oool Ui« ooctae part*. Tkl* incr©a8«d cooling 
jR*y cvor»]isdow t&e «ff«ct of r*duc*d reelOual ga« and thareby 
persit hlgbcr allowable 3^*», 

BeferHo^; to Pic* i** it its noted tl^-t *t low ap*©d 
(XOOC? iiicher overlaps pejnstit liic^ier eilownbie 11 'e. 

..t this speed the Inlet pressure le aieays less than the 
exlu.uat pressure. ^Inoe the fixture conousptlon per cycle 
i* approxl!3*tely constant (ct 1000 a* seen by fig. 9» 

differences In engine perts temperetmrc due to this effeot 
are negligible. Foeever, two other effects influence the 
eseunt of residual back flow, («) the pressure gmdleAt 
between r# cM li» end (b) t!ie OYcrlsp ediich ehanfe* the 
tine aveiXable for tt^e bsek flow to t4>ke place. If It la 
aeeua^d that residual iras acts an Inhibitor^ it follows 
that St 1000 ths residual gas content is progroaelvely 
hi^er with greater overlaps. 4s the engine speed Is in- 



th% pr<j>8i»»r# i »nt *nC th* ti»* •vall«*bl8 

for »c4Hf«a£ioi{ iu*^o r»auti«d, <ia<} ftt 3000 Kr. all ov«rl«epa 
shorn »pproxis«it«Iy tiie «4iS8 <!^<jton;ition ll3iltt>^ 11*b. 

B indicates that ovcri^ip lum little effect o; 
detoctttlon llcilted BfF at low tut that orericp in- 

cr»ome the IIT? epprecinbly et 3000 ItFM. It i» to fee noted 
that &t thiii the hlifhoftt overlap gives the 

power, hut tJmt fe redaction in overlap of 50jS reduoe# the 
power by only 7/^* 

..t 2000 Blli, rig# 7 infiioetiifs that for all overlr.p» 
greater than 60®, the varSstioa of IIU* with altituile i« 
negligible • If these ram hod beta conducted ot e iowex* 
speed, the overlap effect r.lght have bceoiae store 
due to greater ttw.e available for or flow, ee 

the case slight ho. 

Fig# S iadlcfttee that low overlaps have the better 
fGlawetrlc effioitsneiee at low Wt thnt a rercrftel 

taUee plnee mich that the high overltp« give the better 
volumetric efficloncicc at high ei^ecd# Thin rcveroal ie due 
to tiio feet that at low speed 3>l is loss thjui Fe, while at 
high speed ?1 is ai*eater than Vo (^^ig# 45* 
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In tit;« Q«tjio of dl*>i«o«>l»ut7ji<m«, tUe dot«tJ^ikU**tloD of 
iBAlplout ^otoniitloii vein «%oeei!lneXy ucro tiirfioult thaisi 
La thm eott« of SO-^ootKOO* tii« *«irXy stag*® of opar* 

atloD, tha authors w«r« aaiaimhat £sealvad ^ »hat ob- 
a«rv<»^ on th» oaclIXoocopo. «h«n tho inlet pr«aaur« mas 
inoreasofi to th# i>oint t^aro a CiRtUint **pip” %«»a obaarve^ 
on t2^a hcopa, It wea naem&«^ that lmiipl($nt detonatloa i««a 
raaohad 1« that tha pip r«8«atl«4 that obtaliiad nhan ln«* 
•ipiant datonatlofi coourro^ with 60«*oetSiiA«« Kowoaar* it 
was later discovered that after the Iftitlal ^pip** apTHieirad, 
its Intensity taes unaltered by either radical oh/UM!;as la 
spark tlning or large Incx^easas of ffianlfold prassura {In 
the ordar of isagnituda of 12 to 18 inches of Kg), ^fter 
tills discovery, the Initial ”pip^ was disregard ad .xnd In- 
slpient detonation was only aasuuad. to bo present whan an 
luoreasa In ssanifold prassux^ notieoably inoreasad the **plp*s** 
fsni;ziltuda« This foot nocosaitatad a ra-run of the 6^ overlap 
a^wft on di-iso-butylana for varyiivf and the ra-run 

ms performed at the sonaluslofi of the other runs* Ws never, 
tho tiQfv data was arrlngly plaoad in table I end also appears 
in figure 13 for the low overlap, fhosa four points should 
be raised by about %• 

The running of di-lso-butyleixo in addition to dO-octene 
was undartnkan to detemlna If the coononly obearvas revarsal 
of critical pres sure- spa ad relatlOHS, as ccwipared with 80- 
ooteAs, would persist in the eaaa of large verlatloas in 
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rmmiHxxAl oonceotratlou* It tMt 

SAfl«s aJ.(Ctit •x«rt •ltb»r « ettulirtlu or «a ot- 

f»ct on tlio »ttto l|;xdtion of tho l*mt p«rt of th« cHurco to 
iMim. At tkn till# of tbio invofttlisatioii, tUo offeet of 
roalOual oont«nt on tlao reY*r«&X tm» boltig coacurrootiy 
•tuflloA Lloat«n*nt Co3»«aa^i»r .. I?lchiix^», tt oX, uaAor 
««r«fuXXy toatroXXoA •xp#riR»xittil oonAltXonx unfi it y^n ex- 
tiolptttoA that tbo two inir»»tlg»tloo8 wouX* porhapa nulwit&n- 
tiata m^h otliar thro^ijii t)ti« viowpolnt of ^iffarant axporl- 
p*iru»«tar»« work of Rieharaa, at aX, ohowwfi 

coneloaivaly tliat r»si^ia<iX i:«« bas oo approolmbXa aff«KJt 
eltlior a* a oataZyat or s»» an InhlUitor on the oMerred re- 
veraaX. Although the iiivcatiftatlon preaeote# iioreln alao 
akovNi the rerereaX (fig- XO^ ao theory oaa be propo«»ae< by 
thla experiweat la ri$m of the faot that roeldaaX #ae effeote 
are n««XigibXe. nXoan Xabomtorieo, hare ehown the 

reTeraaX to be due to a tiae effect (rapUity of oo»rroa*loa> . 

It le boiiev-e4 ly the authora that for eiwlXer laveetl- 
«atlon» in the future, better reuaXia *tijght be obtoiaea by 
Inereoelfig the inXet teskperatur# of the fr«#h * ixture chore 
IZO^F alaee thle fueX la roXatlreXy intensltire to preens e. 

AO obaorre* fro* Figa. U end 12, the effeet c? overlap 
oa detonatioa Xteitod 5^ la negXUlblo with a aUrht teeaeftoy 
towere higher ri*a for higher orerlap in the <y*ee of aO-ocViae 
and lower j l»a for the hlfju orerlapa with dl-lao-ttttyle#e. 

The XKf la isrogreeelreXy gre^iter for hi<her ororXeea et 
XOOO-XXOO iiitC, *ind •t Ittcreaolag apeeOa the effect of overlap 
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b««OM»s leas importosit alnoe thu VfKP 1» nubatnntlitlly 
constent (Flc* 8). It 1« b«li«V€kl c»rt«al« that tha 120° 
OYarlap point ®t 2100 sm (Fig. 6) 1» eonsl<?«rfttely In er- 
ror thet the IMEP for this point eheuia b« about 
as shown by Fig. 7 ftt Fe * 30 ac^ GTH « 2000. The error 
Is uaqttestlombly to a personnel oversight. Tiwe 
pemitting^ this shaft Yrould be ineerte^ in the engine end 
the point recoKputed. 

Fig. 15 Indioates extenelvo blow through for the high 



overlap can at 1100 lOT 
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For BiixittMii Xlaitoill XHr optimum vcilTe 

ov«rX«ip d«poTi<la upon «iigXn« &pntoCLm 

Ov«rlnp k&» XlttXe of toot on d«fcoywitXoii XlRilt«d Hfr 
mt lorn spood* 

OYorlfiptt glv« ni|j;h(»r ttiXo«a.bX« «t higk 

upomA* 

ffo «ppr«eXabIu sain' is obtttXned la tixo indicotofi 
output for ovorlupa gro«it«r than 60®. 

At « spood of 2000 KPM th« IMlo^stsd output ohane»s 
nofiXi^lbXF with decrwicao In beck preasar® for slX OY«r- 
X«p« cjf 60® or i^restar. 

KaaiduaX gas has an Inhibiting effect on tho dotoim* 
tlon t4md«&eios of this fu®X. 

It has prairlouaXy boon «8tabXi9hs4 that reslduaX gas 
acts as an Inhibitor in the caa« of iso*octans fusX.* 



^ H.4.C.A., T.t. ,'699 {X9t0). 
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{ti*»XaO" arrg> ) 

Tlilft ft* coatpoi^d^ tfltJi 60-octsne , poralt* 

higher (3«toJ«itlon Xi«lted inl«t r:ar«^»our« «n6 liliiilier 
•ngln# output wa6«r all conditloa* lavaatl^fttcd# 

llila fual la ralutivaly la4<«n»ltivo to praaaur#* 

A» the epeed Is Ineressed, the sllowebl© fresh 
isdxture consiHnptloxi per oijfoXe l» reduced, resulting 
In the peek pressure revcreel observed W provtoue 
Inve »t Igetore • 

Ko conclusion lo dr«i«o as to the effect of residual 
gee on the detonctloii ehareeterletlos of this fuel* 

The high eUoweble PI ct low speeds «tttses excessive 
**hlcm tliroweh** shea using the 120^ overlep cea. 

Vhlve overlep has relatively little offoet on deto- 
oetion lisiltod Inlet pressure* 

Creeter overlsps peralt tho aevoXopaent of higher 
IHP*s et low cpeed, but s» the speed Is increesed, the 
IHP is euhstentiaXly oonetent for all overlsps. 
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CAM NO. 3 CAM NO. 4 
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CAMSHAFT TIMING DIAGRAMS 
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Shaft Nxunber 1 Oil Temperature lliO° F 
Overlap 6® Jacket Temperature 212® F 
Compression Ratio 7 Inlet Temperature lUO® F 
Spark Advance 18° BTC Fuel-Air Ratio .08 
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